We analyse winter (DJF) precipitation over the last 500 years on trends using a spatially and temporally highly resolved gridded multi-proxy reconstruction over European land areas. The trends are detected applying trend matrices, and the significance is assessed with the Mann-Kendalltrend test. Results are presented for southwestern Norway and southern Spain=northern Morocco, two regions that show high reconstruction skill over the entire period. The absolute trend values found in the second part of the 20th century are unprecedented over the last 500 years in both regions. During the period 1715-1765, the precipitation trends were most pronounced in southwestern Norway as well as southern Spain=northern Morocco, with first a distinct negative trend followed by a positive countertrend of similar strength. Relating the precipitation time series to variations of the North Atlantic Oscillation Index (NAOI) and the solar irradiance using running correlations revealed a couple of instationarities. Nevertheless, it appears that the NAO is responsible in both regions for most of the significant winter precipitation trends during the earlier centuries as well as during recent decades. Some of the significant winter precipitation trends over southwestern Norway and southern Spain=northern Morocco might be related to changes in the solar irradiance.
Summary
We analyse winter (DJF) precipitation over the last 500 years on trends using a spatially and temporally highly resolved gridded multi-proxy reconstruction over European land areas. The trends are detected applying trend matrices, and the significance is assessed with the Mann-Kendalltrend test. Results are presented for southwestern Norway and southern Spain=northern Morocco, two regions that show high reconstruction skill over the entire period. The absolute trend values found in the second part of the 20th century are unprecedented over the last 500 years in both regions. During the period 1715-1765, the precipitation trends were most pronounced in southwestern Norway as well as southern Spain=northern Morocco, with first a distinct negative trend followed by a positive countertrend of similar strength. Relating the precipitation time series to variations of the North Atlantic Oscillation Index (NAOI) and the solar irradiance using running correlations revealed a couple of instationarities. Nevertheless, it appears that the NAO is responsible in both regions for most of the significant winter precipitation trends during the earlier centuries as well as during recent decades. Some of the significant winter precipitation trends over southwestern Norway and southern Spain=northern Morocco might be related to changes in the solar irradiance.
Introduction
Precipitation is one of the most relevant climate elements affecting human economies and terrestrial ecosystems (e.g. Groisman and Legates 1995; Schmidli et al. 2002; Knippertz et al. 2003; Xoplaki et al. 2004; Zveryaev 2004; Santos et al. 2006; Gimmi et al. 2007; Pauling and Paeth 2007) . Knowledge of the amplitude of precipitation variability, linked with events such as floods, droughts, or even glacier fluctuations (see Nesje et al. 2001 Nesje et al. , 2007 Nesje and Dahl 2003) , at regional and local scale over the past centuries is important from a societal as well as scientific point of view (Le Quesne et al. 2006; Pauling et al. 2006; Esper et al. 2007; Solomon et al. 2007 ). To assess future climate change, enhanced understanding of the mechanisms of natural climate variability on different spatio-temporal scales for the last millennium is necessary (Pfister 1999; New et al. 2001; Nesje and Dahl 2003; Luterbacher et al. 2004 Luterbacher et al. , 2006 Xoplaki et al. 2004; Casty et al. 2005; Touchan et al. 2005; Esper et al. 2007) .
Trends are an inherent feature in the climate system (e.g. Houghton et al. 2001; Hannachi 2007) . In climatology, a trend is usually defined (2000) and Hunt and Elliott (2006) , a strong trend is indicative of a short duration, thus highlighting the danger of extrapolating such trends into the future. González-Rouco et al. (2000) and Rapp (2000) describe the importance of trend analyses as a basis to verify simulated=reconstructed historical climate variations.
In this paper, we analyse the recent high-resolution reconstruction of European precipitation over the past 500 years by Pauling et al. (2006) on winter (DJF) trends. A trend detection method hitherto not applied on data obtained from climate reconstructions is used here. This paper is structured as follows: The datasets used and the methods are described in Sect. 2. Results from southwestern Norway and southern Spain=north-ern Morocco are presented in Sect. 3, along with a link to the dynamical interpretation of the significant trends found. Concluding remarks are drawn in Sect. 4.
Precipitation reconstructions and trend analyses
Since precipitation is spatially and temporally highly variable, a great density of stations is needed to properly capture precipitation patterns (New et al. 2000; Schmidli et al. 2002; Knippertz et al. 2003; Trigo et al. 2004; Mitchell and Jones 2005; Efthymiadis et al. 2006; Pauling et al. 2006; Solomon et al. 2007 ). Long instrumental precipitation measurements along with a high network density are, however, only available over the last few decades to centuries (Groisman and Legates 1995; Hurrell et al. 2004; Moberg et al. 2006; Gimmi et al. 2007 and references therein). To assess precipitation variability further back in time, information from indirect sources (so-called ''proxies'') is needed. These include precipitation indices based on documentary evidence (see Brázdil et al. 2005 for a review) and various precipitation sensitive proxies from natural sources (see Sect. 2).
Continuous precipitation reconstructions in Europe covering the last few centuries are only available for a limited number of areas (Luterbacher et al. 2006; Pauling et al. 2006; Gimmi et al. 2007 ). The seasonally resolved reconstruction of European precipitation over the last 500 years by Pauling et al. (2006) used in this study is unique in its spatial extent and temporal resolution.
For single precipitation time series, many trend analyses exist: e.g. Osborn et al. (2000) (2002) presented an analysis of summer and winter precipitation trends throughout the 20th century over 22 land regions of sub-continental scale. Hunt and Elliott (2006) used a model simulation running over the last 10,000 years to detect trends of different climatic variables during selected periods. Therefore, our study using the European precipitation reconstruction by Pauling et al. (2006) is a first attempt to detect long-term trends, i.e. !30 years, over the past 500 years.
Dynamic background
Beside the detection of winter precipitation trends in the Pauling et al. (2006) Hegerl et al. 2003; Yoshimori et al. 2005; Bengtsson et al. 2006; Stendel et al. 2006; Fischer et al. 2007) . We focus on the NAO and solar irradiance, although the ENSO as the globally dominating mode of interannual climate variability (e.g. New et al. 2001; Rodríguez-Puebla et al. 2001;  
